EMS mutagenesis, GFP screening and mapping analyses.
Two thousand seeds from SDC::GFP wt and SDC::GFP cmt3 lines were mutagenized in 0.3% EMS solution for 13 hours with rotation. Seeds were subsequently washed with water and planted onto soil. For each background, approximately one thousand M2 populations were collected and subsequently screened for GFP fluorescence under UV light using a Leica MZ16F Fluorescence Stereomicroscope coupled with the GPF Plus fluorescence filter. Pictures were taken using the DFC300 FX digital camera kit. Mapping and identification of the three EMS mutations responsible for the phenotypes were performed by bulk segregant analysis coupled with deep genome re-sequencing as previously described (27) , using single nucleotide polymorphisms (SNPs) between the Landsberg (Ler) and Col ecotypes derived de novo from data from a large number of mapping crosses.
Western Blotting.
Western blots against GFP were performed using the GFP-specific antibody (Invitrogen, AA1122). Western blots against Myc were performed as previously described (26) .
RNA analyses.
Total RNAs were extracted from two-week-old seedlings using Trizol (Ambion RNA technology). Two µg of total RNAs were subsequently used to generate libraries for High Throughput RNA sequencing (TruSeq RNA, Illumina) per manufacturer instruction. For RNA-seq analyses, sequencing reads were mapped with Bowtie (28) allowing up to 2 mismatches. Gene and transposon expression was measured by calculating reads per kilobase per million mapped reads (RPKM) (29) . p-values were calculated using Fisher's exact test and Benjamini corrected for multiple testing (30) .
Differentially expressed elements in wild type and mutants were defined by applying log 2 (mutant /wild type)>2 and P<0.05 cutoffs. For quantitative PCR analysis, total RNAs were converted into cDNA using SuperScript III Reverse Transcriptase (Invitrogen) per manufacturer instructions. Quantitative PCR was carried out using SyBr Green PCR mastermix (Roche) and gene-or transposon-specific primers (see Table S4 ) on a Stratagene Mx real-time thermocycler.
DNA methylation analyses.
Whole genome BS-seq libraries were performed as previously described (9) , except directly with pre-methylated final adapters. BS-seq data was mapped with BS seeker as previously described (31) . For traditional bisulfite sequencing, genomic DNA extracted from two-week-old seedlings was bisulfite converted using MethylEasy (Human Genetic Signature) and processed as previously described (5) . Primer sequences used for bisulfite sequencing are described in Table S4 . Southern blot was performed as previously described (2) .
H3K9me2 ChIP-seq analyses.
Two grams of 3-week-old seedlings were crosslinked with formaldehyde and chromatin-IP experiments were performed as previously described (32) . A mouse monoclonal antibody was used for H3K9me2 immunoprecipitation (Abcam ab1220).
ChIP-seq library was generated per manufacturer instructions (Illumina).
Demultiplexed (by exact match to canonical 6-mers) single end 50-mer HiSeq PFpassing reads were aligned to the TAIR8 reference genome using Bowtie 1, keeping all hits with at most two or fewer mismatches in the first 28 cycles and with total sum of Phred quality scores at mismatches up to 100, further filtered to only keep reads with a unique hit of fewest total mismatches, retaining only that unique hit. Reads were extended downstream to total length 220 nucleotides to reflect nominal library fragment lengths and single-stranded per-base pair coverage tallied, normalized by total nuclear chromosome coverage to account for variation in sequencing depth.
siRNA analyses.
Total RNAs were extracted from flowers using Trizol (Ambion RNA technology) and siRNAs were purified as previously described (33) with the following modifications.
Polyacrylamide gel-excised siRNAs were eluted in 0.3M NaCl overnight at 4°C. Gel debris were filtered using 5µm Filter tubes (IST Engineering Inc) and, ethanolprecipitated siRNAs were resuspended in 5ul of nuclease-free H 2 0 to subsequently generate libraries for High Throughput small RNA sequencing (TruSeq small RNA, Illumina) per manufacturer instruction. Small RNA libraries were Illumina sequenced to 50bp length, and resulting reads were trimmed for adapter sequences and then aligned to the TAIR8 genome using Bowtie (28) .
Hi-C analyses.
Two grams of 3-week-old seedling leaves were crosslinked with formaldehyde as previously described (32) . Hi-C experiments were performed as previously described (34) , with the exception that plant nuclei were prepared following a previously published Arabidopsis ChIP protocol (32) . Hi-C libraries were sequenced on a HiSeq 2000 sequencer (Illumina) obtaining paired end 50+50 nucleotide reads. Sequencing reads were mapped to the TAIR8 A. thaliana reference genome using Bowtie 1 to obtain all zero-mismatch hits of ends independently and keeping only paired end read pairs with each end having exactly one hit, obtaining 21,379,391 wild type and 14,815,038 atmorc6-1 pairs. Paired reads with ends aligning to the same HindIII fragment were discarded. Hi-C interaction counts were summed within disjoint symmetric 2-D bins 200 kilobase pairs tiling the genome. HindIII fragments which overlapped regions of poor reference genome quality were excluded from the analysis. Genomic 1-D bins (rows and columns) in which > 50% of the sequence length was excluded by these filters were treated as missing data, excluded from further analyses, and appear in figures as empty regions. The "raw" coverage of each genomic 2-D bin was taken as the number of paired end reads lying in that bin. Whole genomic 1-D bins with a total coverage more than 3 standard deviations greater than or less than the mean were excluded and then the matrix of interactions was corrected for 1-D bin coverage variation as previously described (34) using 50 iterations of that procedure. The comparison between the wild type and atmorc6-1 mutant was expressed as the difference divided by the mean within each bin with smoothing plus or minus one bin.
Immunofluorescence.
Immunofluorescence experiments examining chromocenter condensation were performed as previously described (35) with the following modifications. Leaves Figure S15 ).
RNA interference in C. elegans.
RNAi experiments were carried out as reported previously (36) using the eri-1(mg366); [wIs54(scm::gfp)] strain, which shows increased sensitivity to RNAi.
Briefly, bacterial strains carrying plasmids expressing double-stranded RNA targeting morc-1 or rde-4 were obtained from the Ahringer RNAi library (37) . Hatched L1 eri-1(mg366); [wIs54(scm::gfp)] larvae were cultured on empty vector (L4440), morc-1, or rde-4 RNAi bacteria for two generations at 22.5°C. Images of F 1 L4 larvae were captured on an Olympus BX61 epifluorescence compound microscope with a Hamamatsu ORCA ER camera using Slidebook 4.0.1 digital microscopy software (Intelligent Imaging Innovations) and processed using ImageJ. family members with associated domains, as well as with genes in operons, eukaryotic MORCs were predicted to have originated from bacterial restriction modification systems, and in eukaryotes have been proposed to remodel chromatin superstructure in response to epigenetic signals such as histone and DNA methylation (12) . For instance, topoisomerases and MutL (a factor involved in methylated DNA directed mismatch repair) proteins use ATP hydrolysis to mediate large movements and looping of DNA. Similar to other GHKL ATPases (38), MORC3 in mouse was shown to act as a molecular clamp, interacting with itself constitutively through its coiled-coil domain, and also interacting via its ATPase domain in an ATP-dependent manner (39). In this way, MORC protein architectures are also reminiscent of the structural maintenance of chromosomes (SMC) family of proteins, which control chromosome condensation and cohesion (40) . In addition, a very distant class of ATPase homologs contain the GHKL domain fused with the hinge and coiled coil domains of SMC-like ATPases (12) one of which, SmcHD1, is required for maintenance of X chromosome inactivation in mouse (41) . Interestingly, in Arabidopsis, the protein DMS3/IDN1, which contains an SMC-like Hinge domain, has also been involved in gene silencing (42, 43) and GMI1, which is a GHKL protein carrying a Hinge domain has recently been involved in DNA repair (44) . 
